A use of polypectomy techniques and the odds of serious gastrointestinal adverse events vary by endoscopist specialty (i.e., primary care, surgery, and gastroenterology) and for low-, medium-, and high-volume providers. Simple cold biopsy forceps appeared to be safe for the use by all types of endoscopists. For primary and single hot biopsy forceps/ablation or snare polypectomy, high-volume endoscopists may be preferred providers; and gastroenterologists or surgeons may be best fit to provide complex polypectomy procedures.
Synopsis:
A use of polypectomy techniques and the odds of serious gastrointestinal adverse events vary by endoscopist specialty (i.e., primary care, surgery, and gastroenterology) and for low-, medium-, and high-volume providers. Simple cold biopsy forceps appeared to be safe for the use by all types of endoscopists. For primary and single hot biopsy forceps/ablation or snare polypectomy, high-volume endoscopists may be preferred providers; and gastroenterologists or surgeons may be best fit to provide complex polypectomy procedures.
Abstract:
Background: A use of polypectomy techniques by endoscopist specialty (primary care, surgery, and gastroenterology) and experience (volume), and associations with serious gastrointestinal adverse events, were examined.
Methods:
A retrospective follow-up study with ambulatory surgery and hospital discharge datasets from Florida, 1999-2001, was used. Thirty-day hospitalizations due to colonic perforations and gastrointestinal bleeding were investigated for 323,585 patients.
Results: Primary care endoscopists and surgeons used hot biopsy forceps/ablation, while gastroenterologists provided snare polypectomy or complex colonoscopy. Low-volume endoscopists were more likely to use simpler rather than complex procedures. For hot forceps/ablation and snare polypectomy, low-and medium-volume endoscopists reported higher odds of adverse events. For complex colonoscopy, higher odds of adverse events were reported for primary care endoscopists (1.74 [95%CI, 1.18 to 2.56]) relative to gastroenterologists Conclusions: Endoscopists regardless of specialty and experience can safely use cold biopsy forceps. For hot biopsy and snare polypectomy, low volume, but not specialty, contributed to increased odds of adverse events. For complex colonoscopy, primary care specialty, but not low volume, added to the odds of adverse events. Comparable outcomes were reported for surgeons and gastroenterologists. Cross-training and continuing medical education of primary care endoscopists in high-volume endoscopy settings are recommended for complex colonoscopy procedures.
Background (Word Count -3,038)
Colorectal cancer (CRC) remains one of the most common cancers and causes of cancer mortality in the United States [1, 2] . The expenditures for treatment of CRC were approximately $8.4 billion in 2004 [3] . CRC is preventable through removal of premalignant polyps, which makes colonic polypectomy a preferred method of CRC prevention [2] . The number of colonoscopies is approximately14 million per year [4] . The demand for colonoscopy is expected to grow due primarily to the aging population in the U.S [4] . Advances in technology and inclusion of gastrointestinal (GI) endoscopy in training of primary care physicians and surgeons allowed generalists to provide colonoscopy procedures that used to be in the realm of gastroenterologist care [5] . A shortfall of up to 1,550 gastroenterologists is estimated by 2020 [6] and as such, the role of primary care physicians and surgeons in providing CRC prevention services including colonoscopy is likely to remain unchanged over time. In the era of health reform with its focus on improvement of quality of care, cost containment, and population health, both specialists and generalists need to demonstrate the value and quality of care [7] , particularly when it is relevant to cancer prevention.
Previous research has generally favored specialists over generalists for quality of care across various conditions [8] . Research findings on the endoscopist specialty, quality of colonoscopy, and patient outcomes were mixed [7] . No difference among gastroenterologists and family physicians in the proportion of cecal intubation and polyp detection rates for colonoscopy patients was reported [7] . One study favored gastroenterology over surgical trainees for colonoscopy completion rates and adenoma detection rates [9] . The risk of postcolonoscopy CRC was higher for primary care endoscopists in comparison with surgeons and gastroenterologists suggesting that primary care endoscopists were more likely to miss or leave residual polyps during colonoscopy [10] . Endoscopist experience that was operationalized as an annual volume of procedures may affect patient outcomes, as previous research favored highvolume over low-volume endoscopists in terms of the risks of adverse gastrointestinal (GI) events due to colonoscopy [11, 12] .
Screening and diagnostic colonoscopy procedures are relatively safe; however, outpatient polypectomy is associated with a nine-fold increase in risks of serious adverse events, such as colonic perforations and GI bleeding that require inpatient admission, in comparison with colonoscopy without polypectomy [13] . Prior research also discovered that as complexity of polypectomy increased, a higher risk of serious GI adverse events was reported [12] . While gastroenterologists' use of polypectomy techniques is highly variable for polyps of similar sizes [14] , a preferred polypectomy technique is not yet identified [12] [13] [14] [15] . Primary care endoscopists tend to use less complex GI procedures and select healthier patients with lower severity of illness and less comorbidities [5] . As such, the risks of serious GI adverse events due to polypectomy may depend on the endoscopist specialty and experience [9, 12] , a specific polypectomy technique [12] , clinical factors (e.g., severity of illness, polyp size and type) [16] , and patient characteristics (e.g., age, comorbidities) [17] .
With a growing emphasis on quality and efficiency of colonoscopy for CRC prevention, the debate about the use of polypectomy and the value of endoscopist specialty and experience may intensify. However, a lack of data on a preferential use of specific polypectomy techniques by endoscopist specialty and experience, as well as its impact on the rates of serious GI adverse events, leaves a substantial gap in the literature. In addition, previous research on the efficiency and effectiveness of care provided by generalists versus specialists was criticized for methodological shortcomings such as failures to account for confounding factors of physician experience, practice settings, severity of illness and comorbidity in the patient populations [8] .
We study a preferential use of polypectomy techniques by endoscopist specialty (primary care, surgery, and gastroenterology) and experience (volume), and their associations with serious gastrointestinal adverse events. This study accounts for differences in practice settings and uses a validated method of risk adjustment for both severity of illness and comorbid diagnoses. This study uses a large, encounter-level, and all payer dataset with patient and physician identifiers for all Florida ambulatory surgery centers (ASC), hospital-based outpatient departments (HOPD), and hospitals to identify hospitalizations for serious GI adverse events due to colonic perforations and GI bleeding within 30 days after colonoscopy. These data covered the entire population of Florida that was treated in the outpatient surgery setting. Another unique feature of these databases is that they included operating physicians' identification numbers and specialty codes important for construction of key endoscopist measures for the period 1999 -2001. Even though the study uses historic data, it provides an important baseline research, as it is the first study investigating associations among the main polypectomy techniques that are currently in use and endoscopist specialty, experience, and patient outcomes. As such, the study findings are useful for future research and policy-making on polypectomy guidelines, postgraduate and continuing medical education in endoscopy, and CRC prevention.
Methods

Data Sources:
Ambulatory surgery and inpatient hospital discharge datasets were obtained from the Four polypectomy categories were constructed using the CPT codes [18] . Cold biopsy forceps were identified via primary CPT 45380 code for single or multiple biopsies and defined as the simple polypectomy [18] . Two categories of polypectomy techniques were constructed using primary CPT codes and identified as single polypectomy types: (1) hot biopsy forceps or bipolar cautery (CPT 45384) and ablation of lesion(s) not amendable to removal by hot biopsy forceps, bipolar cautery, or snare techniques (CPT 45383), combined into one category; and (2) snare polypectomy (CPT 45385) [18] . The complex colonoscopy was where multiple colonoscopy procedures were performed, and primary and secondary CPT codes with any combination of procedures with cautery, control of bleeding, injections, and/or tattooing (CPT 45380, 45381, 45382, 45383, 45384, and/or 45385) were billed during the same session [18] . A use of these techniques was highly variable for removing polyps of similar sizes [14] .
Endoscopists currently use these main polypectomy techniques [14] that are also identifiable in administrative databases [18] .
Serious Adverse Events:
The primary patient outcome was a cumulative measure of hospitalizations due to colonic perforation and/or GI bleeding within 30 days of a polypectomy that is procedure specific [16] and potentially reflective of endoscopist skills [11] [12] . Primary diagnosis codes in the inpatient 
Key Explanatory Variables
Endoscopist Specialty:
Endoscopist specialty categories were defined via the CMS specialty codes as: (1) primary care (i.e., family practice, geriatric medicine, internal medicine, general practice, obstetrics/gynecology, or preventive medicine), (2) surgery (i.e., thoracic surgery; surgical oncology, vascular surgery, general surgery, or colorectal surgery), and (3) gastroenterology.
Endoscopist Polypectomy Volume:
The annual polypectomy volume for each endoscopist was calculated as the total number of primary polypectomy procedures in each year of the study. Physicians were assigned to low (less than 150 cases per year), medium (150-299 cases per year), or high (more than or equal to 300 cases per year) volume categories based on annual volume of all polypectomy procedures.
Providers' volume was allowed to vary from year to year. The annual volume is often use as a measure of provider experience [19] .
Endoscopist Polypectomy Rate and Repeat Endoscopy:
A polypectomy rate (PR) for each endoscopist was calculated as a proportion of snare polypectomy, hot biopsy, and cold biopsy procedures that had the ICD-9 code of 211.3 for polyp detection to all diagnostic and polypectomy colonoscopies for the study period (1999) (2000) (2001) [20] .
We calculated the PR separately for each physician identifier and calendar year on a sample (n=560,119) before exclusion of simple (i.e., diagnostic) procedures ( Figure 1 ). The PR calculated form administrative claims data are validated against adenoma detection rates (ADR) derived from endoscopy reports [20] . The PR is an accurate surrogate for the ADR [20] . A PR of 35% is needed to achieve a recommended ADR benchmark of 20% [20] . We included the PR as a covariate reflecting experience of endoscopists in detecting adenomas.
Following the surveillance guidelines [21] , a measure of repeat endoscopy was constructed as an indicator variable when any type of colonoscopy procedures was provided to the same patient within 12 months of an initial polypectomy. The measure of repeat endoscopy was used as a covariate in multivariate logistic regression models to account for removal of large sessile adenomas (that were likely removed piecemeal) at a shorter interval and required individualized surveillance of patients by experienced endoscopists [21] .
Control Variables:
A dichotomous variable representing facility type was included to identify facility types as ASC or HOPD, where the majority of polypectomy procedures usually take place. Patient age was categorized as: 19 -49, 50 -64, 65 -74, 75 -84, and > 85 years old. Race/ethnicity was specified as: white, Hispanic, black or African American, or other (including unknowns).
Gender was included as a binary variable. Health insurance types were categorized as Medicare, Medicare HMO, Medicaid, Medicaid HMO, commercial Indemnity, commercial Health Maintenance Organizations (HMO), commercial Preferred Provider Organizations (PPO), selfpay or charity, and other. Diagnostic cost groups/hierarchical condition categories (DCG/HCC), which used all available ICD-9-CM diagnostic codes to categorize patients, were used to incorporate all comorbid conditions and indicate a greater severity of illness among patients with higher risk scores [22] [23] [24] . Finally, unobserved changes over time common for both ASCs and HOPDs (e.g., changes in practice guidelines, new policy recommendations) were controlled by including a set of dummy variables for each year between 1999 and 2001.
Statistical analysis:
Polypectomy procedures, provider, and patient characteristics were examined by endoscopist specialty using univariate tests. Unadjusted rates for serious GI adverse events were calculated by dividing the total numbers of adverse events by the total number of procedures for specific polypectomy types by endoscopist specialty. Wald tests of linear restrictions were used for descriptive analyses.
Multivariate logistic regression models were used to predict the preferential use of polypectomy procedures (with each polypectomy category as a dependent variable) for endoscopists specialized in primary care, surgery, or gastroenterology (referent) and those in low-, medium-, and high-volume (referent) categories. In a separate set of multivariate analyses with serious GI adverse events as the dependent variable, polypectomy categories were used for stratification, to predict the adjusted odds of adverse events for each endoscopist specialty and volume categories as described above.
Odds ratios were estimated to evaluate the magnitude and direction of the effect for the key parameters of interest, after adjusting for the contributions of other covariates: 2 facility types with HOPD as the reference; 5 patient age categories with 19 -49 as the reference; 4 race/ethnicity categories with white as the reference; gender with male as the reference; 4 health insurance types with Medicare as the reference; patient severity of illness measured as continuous risk scores; and variables for each year with 1999 as the reference.
As the univariate tests were exploratory and meant to highlight differences, their significant results were not subjected to any corrections for multiple testing. The results from the multivariate analyses are most definitive. There are no corrections for multiple testing to their results, as these findings are to be taken as suggestive only due to the source and nature of the data, with their inherent limitations. We tested for multicollinearity, correlations, and interactions between covariates. Statistical significance was determined at p < 0.05. The university institutional review board approved the study.
All data were collected in 2006, and the current analysis was conducted in 2013. There is a time lag of several years for organizing claims data into analytical files and making them available to researchers. We obtained these data from the Florida Agency for Health Care Administration to study comparative effectiveness of ASCs and HOPDs. Once that analysis was complete, the research team turned to other topics of interest including the one presented in this paper. When using claims data, a lag of several years is not unusual.
Results
Descriptive analyses:
Gastroenterologists represented the majority of endoscopists (n=528, 61.4%) ( Table 1 ).
There were 153 (17.8%) primary care providers of polypectomies, specializing in internal medicine (n=107, 69.9%), family medicine (n=33, 21.6%), general practice (n=8, 5.2%) and obstetrics/gynecology (n=5, 3.3%). Surgeons (n=179, 20.8%) specializing in general surgery (n=137, 76.5%), colon/rectal surgery (n=37, 20.7%), and other types of surgery (n=5. 2.8%).
Less than 1% of polypectomy procedures resulted in serious GI adverse events. Adverse events by specialty categories were not statistically different for primary care (0.43%), surgery (0.39%), and gastroenterology (0.35%). Primary care endoscopists provided higher proportions of cold biopsy procedures than surgeons and gastroenterologists. Surgeons used more of hot biopsy/ablation procedures in comparison with primary care physicians and gastroenterologists.
Gastroenterologists primarily performed snare polypectomy and complex colonoscopy procedures. Surgeons performed more polypectomy procedures in a hospital-based setting rather than in ASCs. Gastroenterologists performed a higher mean volume of polypectomy procedures (n=321) in comparison with primary care endoscopists (n=200) and surgeons (n=180). A polypectomy rate was lower for surgeons (0.33) than for primary care endoscopists (0.39) and gastroenterologists (0.38). Table 1 also reports patient characteristics by endoscopist specialties that were primarily similar across endoscopist specialties. Primary care endoscopists treated higher proportions of minorities and patients covered by Medicare HMO, Medicaid, selfpay/charity, and other payers. Different types of endoscopists provided polypectomies to patients with comparable severity of illness (Table 1) . Unadjusted rates of serious GI adverse events for all and specific polypectomy procedures were calculated and increased with the rise in complexity of polypectomy procedures for each endoscopist specialty ( Table 2 ). The rate of increase in adverse events was the lowest for gastroenterologists in comparison with both primary care providers and surgeons. Unadjusted rates of serious adverse events were the highest for primary care endoscopists providing complex colonoscopy. gastroenterologists. The odds for using snare polypectomy and complex colonoscopy procedures were lower for non-gastroenterologists than for gastroenterologists (Table 3) . Low-volume endoscopists were more likely to use cold biopsy forceps, and hot biopsy forceps/ablation -and were less likely to use snare polypectomy and complex colonoscopy procedures than high-volume providers (Table 3) . Polypectomy rates increased for endoscopists who used hot biopsy forceps/ablation and complex colonoscopy procedures; however, the use of cold biopsy and snare polypectomy was associated with decreased polypectomy rates (Table 3) . Cold biopsy forceps and complex colonoscopy were procedures of choice for repeat endoscopy. Hot biopsy forceps/ablation polypectomy was less likely used for repeat endoscopy (Table 3) . In a stratified multivariate analysis of cold biopsy forceps ( colonoscopy. There were no differences in odd ratios reported for surgeons in comparison with gastroenterologists after complex colonoscopy. Neither polypectomy rate nor repeat endoscopy was associated with increased odds of serious adverse events. Procedure. † †All models statistically controlled for differences in facility type, patient demographic characteristics, severity of illness, comorbidities, health insurance types, and the year of a procedure. ***: p<0.01,**: p<0.05
Discussion
About half of all colonoscopy procedures are polypectomies [15] . Polypectomy is important for CRC prevention, but is associated with adverse events. While adverse events after polypectomy are rare, they are serious and life threatening [16] . The colonic perforation is the most serious adverse event with reported rates of 0.1% -0.3% and a fatality rate of 5% [16] .
Gastrointestinal (GI) bleeding is the most common serious adverse event with reported risks of 0.1% -0.6% [16] . Polypectomy was associated with up to a nine-fold increase [12] [13] [14] in risks of serious adverse events when compared to a relatively safe diagnostic colonoscopy [16] [17] . Reported risks of adverse events increased, as the complexity of polypectomy procedures has heightened [12] . Similarly to previous findings, this study's reported rate of the colonic perforations and GI bleeding is 0.4%. The current study also suggests that the complexity of polypectomy procedures may contribute to increased risks of adverse events for endoscopists in different specialty groups.
The current study is the first to investigate the use of specific polypectomy techniques for primary care, surgery, and gastroenterology endoscopists, endoscopist volume categories, and to identify associated odds ratios for serious GI adverse events. We also observed important trends in the use of polypectomy techniques by endoscopist specialty and experience. Primary care endoscopists and surgeons were more likely to use hot biopsy forceps/ablation for polyp or lesion removal in comparison with gastroenterologists. In addition, gastroenterologists provided more snare polypectomy and complex colonoscopy procedures than non-gastroenterologists.
The high-volume endoscopists were more likely to provide complex colonoscopies.
Polypectomy rates were higher for endoscopists who used hot biopsy forceps/ablation and complex colonoscopy procedures. Cold biopsy forceps and complex colonoscopy were procedures of choice for repeat endoscopy. It is expected that complex colonoscopy is used for detection and removal of adenomas that vary in location, types, multiplicity, and size during the initial and repeat endoscopy. Cold biopsy forceps are likely to be used in repeat endoscopy to assure a complete adenoma removal. However, a use of hot biopsy forceps for initial endoscopy require additional research as the experts recommended cold snare polypectomy instead of hot biopsy forceps.
Our study found that endoscopists in all specialty and volume categories could safely use cold biopsy forceps. These findings corroborate the literature suggesting that cold polypectomy techniques are the safest in terms of risks of serious GI adverse events [12, 24] . More research is warranted on cold polypectomy techniques and post-colonoscopy CRC, as some studies reported that residual polyp tissues were discovered after cold forceps [25] [26] . Our study also identified that endoscopist volume, but not specialty, may be associated with reduced risks of serious GI adverse events after hot biopsy forceps/ablation and snare polypectomy. On the other hand, endoscopist specialty, but not volume, may contribute to reduction of the risks of serious adverse events after complex colonoscopy, as higher odds of adverse events were reported for primary care providers relative to the odds of adverse events reported for gastroenterologists and surgeons. Patient outcomes were comparable for surgeons and gastroenterologists.
For primary and single procedures requiring either polypectomy via hot biopsy forceps/ablation or snare polypectomy, an annual volume of 300 or more polypectomies was important for reduction of serious adverse events. The European guidelines on colonoscopy volume recommend a 300-volume threshold [27] . Our findings suggest that hot biopsy/ablation or snare polypectomy techniques may be improved as endoscopists provide higher volumes of these types of procedures. In terms of snare polypectomy, these findings may correspond well with recommended by the American College of Gastroenterology practices of cold snare techniques over electrocautery polypectomy [28] . However, additional research on the value of polypectomy via hot biopsy forceps/ablation is needed specifically for non-gastroenterologists who tend to use more of this type of polypectomy in comparison with gastroenterologists.
An endoscopist specialization in gastroenterology or surgery and annual polypectomy volume greater than 150 procedures are important for reducing the rates of serious GI adverse events after complex colonoscopy. Complex colonoscopy is effective for detecting polyps and is often used for repeat endoscopy. Complex colonoscopy may involve a combination of several polypectomy techniques performed during the same session when multiple polyps or lesions of various sizes and types are likely to be removed. Previous research suggested that primary care physicians were less likely to use complex gastrointestinal procedures [5] , and confirmed by our findings. Differences in duration and intensity of training in endoscopy for primary care endoscopists may explain this finding. As such, primary care endoscopists may require crosstraining and/or continuing medical education in complex colonoscopy techniques to prepare for the growing demand of polypectomy due to the aging population in the U.S.
The study has limitations. We used historic data for the period 1999-2001. However, the studied polypectomy techniques are still widely used by endoscopists, and a slow adoption of new techniques, e.g. micro-clips, has been reported [14] . As such, our findings provide relevant baseline data for the future research on the impact of endoscopist specialty and polypectomy techniques on various patient outcomes. Although the study is population-based, it is restricted to a single state. New research utilizing newer datasets from additional states is warranted. A lack of access to patients' medical records to fully adjust for the quality of bowel preparation or prior use of medications (e.g., anticoagulants or antibiotics), especially by elderly patients, was a limitation. In addition, data were not available to include adverse events associated with 30-day ER visits and colonoscopies provided in physician offices. The study's data did not distinguish between GI bleeding potentially unrelated to polypectomy (e.g., bleeding from hemorrhoids, diverticula, or due to radiation proctitis, or other entities. However, the serious GI adverse events requiring inpatient admission were procedure specific and may have occurred due to medical errors. The data did not capture the few patients with colonoscopy-related adverse events who were hospitalized outside the state of Florida and those who were treated in physician offices. It is unlikely that many polypectomy procedures would be carried out in physician offices. The data did not include information on endoscopists' age, years of practice, affiliation with academic centers, and other experiences that may potentially affect the rate of adverse events. There was also no information on lesion type, polyp size and multiplicity in the dataset. As such, there may be potential confounding between polyp or lesion type/size, multiple polyps, and choice of polyp removal technique. However, we used a validated risk adjustment approach that accounted for both severity of current illness (e.g., a polyposis) and comorbidities.
More research utilizing newer datasets from additional states and clinical information is needed to better understand which type of polypectomy, endoscopist specialty and experience, are preferred for increasing adenoma detection rates, and reducing rates of adverse events and postcolonoscopy CRC. In addition, because change in endoscopy practices might require a considerable amount of time, additional research on barriers for adoption of new practices, such as awareness of and compliance with the colonoscopy guidelines across endoscopist specialties, is important to consider.
Nevertheless, this research has several implications for clinical practice and policy. We analyze all-encounter, all payer data covering the entire population of Florida for a three-year period. This provides an important advancement over previous studies that examined a limited number of facilities or health systems, used restricted datasets such as Medicare or Medicaid-only data, or were non-US-based. Our database is unique as it reports UPINs for each endoscopists allowing us to construct a measure of endoscopist specialty, and to report a use of polypectomy procedures and rates of adverse events by endoscopist characteristics.
We believe our study is the first to report important variations in the use of polypectomy techniques. We found that non-gastroenterologists and low-volume endoscopists tend to perform simpler procedures than gastroenterologists. The risk of serious adverse events is small for cold biopsy forceps procedures and independent of endoscopist specialty and experience.
Thus, cold biopsy forceps is a safe procedure that may be widely used in clinical practice of primary care endoscopists, surgeons, and gastroenterologists. A technical proficiency in hot biopsy/ablation and snare polypectomy is achievable with experience (i.e., increased volume) for endoscopist in all specialty categories. Providing more than 300 polypectomy procedures annually may be an important benchmark for improving endoscopists experience and achieving proficiency in polypectomy. Surgeons, gastroenterologists, and higher-volume providers had lower rates of adverse events than primary care and low-volume endoscopists (i.e., providing less than 150 procedures annually) for complex colonoscopy. As such, some cross-training and continuing medical education in complex polypectomy techniques for primary care endoscopists in high-volume settings may be considered.
